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Implementation of External Quality Assurance Trials for Immunohistochemically Determined Breast Cancer Biomarkers in Germany Introduction
For decades, clinical cancer research focussed on the study of empirical combinations of non-specific cytotoxic drugs. In recent years, oncology is witnessing a revolution sparked by targeted therapies, notably the chimeric monoclonal antibodies against surface molecules such as CD20 or epidermal growth factor receptor. Today, almost all patients suffering from B-cell lymphomas are treated with this mode of therapy [1] . How does this revolution of therapy interfere with the classical function of histopathology to classify and to grade malignant neoplasms? Will morphological categories be replaced by a list or profile of markers which constitute potential targets for therapy? This will certainly not be the case, although the biological significance of lymphoma classification has to be reconsidered against the background of treatment response which will potentially be more relevant than the spontaneous course of disease. Whereas the task of typing and grading will still form the indispensable basis of cancer therapy, new additional challenges with regard to reliability and reproducibility of target identification are awaiting modern pathology. In particular, quantitative parameters might be insufficiently reproducible. Breast cancer in recent years has functioned as pioneer tumour, setting the stage for a new era of diagnostic and therapy in oncology. Steroid hormone receptors and the human epidermal growth factor receptor 2 (HER2) provided the first examples for targeted therapy, and marked the beginning of the age of personalised medicine. There are different modes of determining potential target molecules in cancers. Besides tissue extract-based quantitative protein and mRNA assays, there are in-situ methods which apply immunohistochemistry (IHC) or different modes of in-situ hybridisation (fluorescent (FISH), chromogenic (CISH), silver-enhanced (SISH)). In most countries, the latter methods are predominantly used to assess target molecules in breast cancer. However, there are a number of caveats and open issues which have to be kept in mind when in-situ techniques are applied. First, the demand for quantification has to be met, and thresholds for categorisation have to be defined [2] . The biological significance and justification of these thresholds is particularly unclear in the grey zone between unequivocal positive and negative cases [3] [4] [5] . Second, the issue of reproducibility and reliability of these assays emerges. The findings of a number of studies indicate that significant interlaboratory variability for steroid hormone receptor and HER2 testing does occur [5] [6] [7] . Despite these potential hazards, IHC offers a number of decisive advantages like correlation to number of tumour cells and their viability as well as to admixture of normal, non-invasive, and stromal cells. In addition, alternative extract-based methods did not yet prove a higher degree of reproducibility when applied on a similarly large scale like IHC. Apart from these considerations, pathologists who apply IHC and clinicians who rely on the results of IHC assays need information on how secure -with regard to sensitivity and specificity -the method in individual use really is.
Biomarkers in Breast Cancer
Steroid hormone receptor expression is one of the most important biomarkers in breast cancer, which provides the basis for the selection of alternative therapeutic strategies in adjuvant breast cancer treatment [8] . In recent years, HER2 has gained similar impact as prognostic and predictive marker which is meanwhile evaluated on a regular basis and influences therapeutic decisions in the management of breast cancer patients [3] . For several reasons, both biomarkers usually are determined by pathologists applying tissue sections and IHC. In particular, differentiation of invasive cancer cells in heterogeneous tissue encompassing normal epithelial cells, stroma and potentially in situ lesions or necrosis requires microscopic correlation. Immunohistochemical biomarker assays, however, do not represent a simple extension of traditional histopathological evaluation because it includes quantitative assays whereas the traditional and unquestioned strength of histopathology lies in qualitative analysis. In order to cope with the new challenge of target molecule detection in the age of personalised medicine, pathologists have to prove that quantitative biomarker assays done by them on breast cancer tissue are accurate and reliable. Testing inaccuracy remains a major issue with both IHC and FISH, and it has been estimated that approximately 20% of current HER2 testing may be incorrect [3] . There is widespread concern that inaccuracy of detection methods and interpretation may lead to an unacceptably high error rate in determining the true hormone receptor status [4] . Comparison of centrally versus locally assessed oestrogen receptor (ER) and progesterone receptor (PR) revealed divergent results in a substantial proportion of patients [5] . Obviously, there is a great need to standardise immunohistochemical biomarker assays to further ensure that similar results are obtained by different institutions.
Tissue Microarrays for External Proficiency Testing
Principally, there are 2 ways to cope with the problem of inaccuracy and poor reproducibility: centralisation of diagnostics or standardisation of diagnostics in a multicentre setting. In Germany, pathologists have decided to opt for the second alternative, and consequently nation-wide trials for tissue-based markers in breast cancer have been set up [9, 10] . External proficiency testing has been proposed as one potential instrument to enable accurate biomarker determination in a non-centralised approach [3, 11, 12 ]. Yet, the most effective setting for external proficiency testing has not been deter- Quality Assurance of Immunohistochemical Assays in Breast Cancer participating pathologists whereby almost identical tumour areas will be studied by all participants. The first and the final slide sectioned from a tissue array block have a distance of less than 1 mm. Furthermore, potential hazards by tumour heterogeneity are neutralised by a high number of samples which are encompassed by a tissue array. Besides the German Qualitätsinitiative Pathologie (QuIP), other systems for interlaboratory proficiency testing are available in Europe. These systems do not rely on TMA, and only a limited number of samples can be distributed. In the UK, NEQAS-ICC has been founded [11] with only a very small number of German laboratories participating. In Scandinavia, NordiQC has been established, which is similar to the UK NEQAS.
Interobserver and Interlaboratory Variability
Unlike proficiency testing in clinical chemistry, there are 2 potential sources of error in immunohistochemical assays. On the one hand, the staining may be insufficient due to shortcomings in the immunohistochemical laboratory. On the other hand, a correct stain may be inadequately evaluated by an inexperienced pathologist. Therefore, both aspects have to be regarded. This requires microscopic re-evaluation of every staining performed by the participants. Consequently, participants do not only fill in a formula with their results but return the slides which were processed in their laboratory. Although this procedure of central review is tedious, it makes sure that the effective performance of an individual immunohistochemical laboratory is controlled. In fact, in most trials, rather the laboratory performance than the microscopic evaluation by the participating pathology department was responsible for high or low levels of concordance. Poor interlaboratory agreement usually is based on insufficient retrieval efficacy or suboptimal IHC. Aberrations from an expected result can be differently severe ranging from light deviation to completely wrong. Therefore, the central re-evaluation applies a grading scheme to assess deviations. The grading scheme consisted of a 4-tiered score which is applied to every tissue spot in the TMA. Complete accordance with the expected result is scored as 3 points, mild deviation (e.g. Allred score 6 instead of 8) as 2 points, more severe deviations (e.g. Allred score 3 instead of 8) as 1 point, whereas false-positive or -negative results are always scored as 0 ( fig. 3) . In a tissue array with 24 samples, the maximum sum of score points is 72. Percentage values of the maximum score are reported to participating laboratories and provide the basis for benchmarking. Participants fill out an accompanying questionnaire in order to gather information about antigen retrieval and detection methods. The correlation of methods applied and performance in the trial is communicated to all participants in order to enable improvement in those institutions which scored below average. fig. 1 ) were generated and distributed to participating laboratories in Germany on demand. Tissue cores from routine surgical pathology samples retrieved from the archives of 3 Institutes of Pathology in Germany (Hanover, Kassel, Wiesbaden) were used for the construction of TMA. Cases were retrieved from the archives with particular emphasis on low steroid hormone receptor expression (Allred score 3-4) [13] and borderline positivity for HER2 (2+). Besides equivocal cases, clearly positive or negative samples were included. Only samples that received identical testing in all 3 laboratories mentioned above entered the final trial. The procedure of selecting the adequate material is depicted in figure 2 . Between 20 and 24 samples were included in the TMAs which were generated exactly as described [14] . Pathology departments volunteering to participate in external proficiency testing could order up to 3 test' slides which were freshly cut and shipped unstained. Within 2 months, immunohistochemical stains had to be performed and a protocol of the assessment as well as the stained slides had to be returned to the organisers of the trial. Participants were free to perform only 1 of the 3 tests, or all of them. Unstained slides could be ordered during a 10-month period during which the trial was open for participation. In the 2006 run, for example, the slides contained tissue spots with high expression (ER, PR: n = 6; HER2 3+: n = 7), medium (ER, PR: n = 6; HER2 2+: n = 7), low (ER, PR: n = 6; HER2 1+: n = 4), or no expression (ER, PR: n = 5; HER2 0: n = 4). With the help of tissue arrays, it becomes possible for the first time to distribute several tumours among a high number of 
Benchmarks and Selection of Challenges
Once the concordance rate has been determined by central review, the challenge emerges to set benchmarks discriminating failure from success. In the literature, different thresholds ranging from 80 to 90% are reported [3, 15] . However, these thresholds have to be considered as arbitrary, and currently there is no sufficient data base to define what is sufficient. In addition, there is no doubt that the composition of challenges/cases is of pivotal importance for the outcome with regard to proportion of underscoring laboratories. The more borderline cases and weakly positive case are included in the trial, the lower the concordance rates that can be expected [16] . Accordingly, every TMA should have its own benchmark, which is however impracticable. Alternatively, as has been described by Fitzgibbons et al. [15] , benchmarks could be obtained by evaluating the results of all participants which then provide the basis for ranking of the lower and upper quintiles. The undisputable disadvantage of a comparable scheme is that individual results will only be available after the trial has been closed, which could last several months. The system which has been implemented in Germany generates information on the individual performance immediately within 2-3 weeks which is a sufficiently brief period to enable control or revision of methods in an individual laboratory in the case of low performance. In addition, test material can be ordered repeatedly during a 10-month period during which the trial is open for participation so that a short-term repeat in the case of failure and subsequent modification of laboratory methods is feasible.
In conclusion, external proficiency testing as described here fulfils 2 different functions which have to be considered with regard to selection of challenges and composition of test samples in the TMA and also with regard to the terms of evaluation. First, it provides information about the current status of laboratory performance in pathology which is of interest to the collaborating clinician. This information should be based on a representative selection of cases resembling everyday practice. Second, it enables training and improvement of laboratory performance. In order to achieve the latter positive effect, the challenges within the TMA have to be enriched for difficult and borderline cases with low steroid hormone recep- tor expression or HER2 2+ status. Because both aims antagonise each other, TMA for interlaboratory trials should be composed of 2 sets of cases which should be evaluated and communicated separately. Accordingly, in future trials there will be a training set and a test set of challenges. Benchmarks to categorise the results on the latter type of challenges will be developed.
Standardisation Requires Further Efforts
Interlaboratory trials may be necessary, but they are not sufficient to assure reproducibility of IHC and FISH. Fig. 3 . Organisation and evaluation of the QuIP trial. All immunostains by participants will undergo a central review in order to assess interlaboratory variability. For evaluation a 4-tiered score is applied. Complete agreement with expected result will score 3 points, lesser deviation 2 points, more severe deviation 1 point, and false positivity or negativity 0 points.
